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Introduction
Climatic and, more generally, environmental conditions can affect individual performance (e.g., growth rate, survival), population dynamics, and life-history evolution (Bjørnstad and Hansen 1994; Lindström 1999) . Changes in environmental conditions may potentially destabilize populations (Lindström and Kokko 2002) and increase their vulnerability to extinction (Lande 1993; Melbourne and Hastings 2008) . Population stability depends on, among other factors, genetic diversity, which facilitates adaptation and population persistence Whiteley et al. 2015 ; but see Lande and Shannon 1996) .
Genetic characteristics of populations, such as genetic diversity per se (i.e., the genetic diversity within species, populations, or subpopulations) or the genotypic frequencies of polymorphisms, may affect the adaptive capacity of populations and species. This is because genetic variation is potentially associated with many traits, including variation in life-history traits (reviewed in McKinnon and Pierotti 2010) . For example, in color-polymorphic lizards Uta stansburiana and Zootoca vivipara, the color polymorphism exhibits genome-wide linkage (Sinervo and Svensson 2002) , and different genetic morphs have different resource-holding potential (e.g., endurance), morphology, frequency-dependent survival, and frequency-dependent reproductive success (Sinervo and Lively 1996; Sinervo et al. 2008; San-Jose et al. 2014) . Therefore, different color morphs may exhibit different fitness in a given environmental condition. Moreover, because morphs differ in competitiveness, different color morph frequencies produce different competitive environments, which affect all individuals of the population. Consequently, a population's response to environmental conditions may depend on its color morph frequency. However, experiments determining whether and how the interaction between color morph frequency and environmental conditions affects important life-history traits and demography are scarce (Bolton et al. 2015) . Thus, whether the effects of environmental change on growth, body condition, survival, and performance depend on the genetic characteristics of populations remains ambiguous, and so does their effects on the extinction risk of populations (Lande and Shannon 1996; Araújo et al. 2005; Pertoldi et al. 2007; Sinclair et al. 2010; McMahon et al. 2011; Pacifici et al. 2015) .
The effects of environmental change also depend on whether and how an organism is able to cope with a change.
Organisms may show an immediate response (e.g., Ergon et al. 2001) or a delayed response, or they may not be able to respond and go extinct (Charmantier et al. 2008; Visser 2008; Hoffmann and Sgrò 2011; Bellard et al. 2012) . Immediate responses frequently result from plasticity whereby organisms can cope with the changing environment or adapt behaviorally (Charmantier et al. 2008; Bertossa 2011) . Delayed responses include (micro)evolutionary adaptation (Visser 2008; Bellard et al. 2012) and delayed life-history effects (Beckerman et al. 2002) . The latter may result from environmental effects (e.g., effects of the maternal and/or offspring environment) on the expression of life-history traits (Mousseau and Fox 1998; Lindström 1999 ) and trade-offs among current and future reproduction . Delayed life-history effects can also affect individual performance and give rise to cohort effects, including transstage and transgenerational effects, potentially affecting a population's response to changing environments (Benton et al. 2004 (Benton et al. , 2006 . In summary, several studies suggest that the effects of environmental conditions and environmental change may depend on, among others, the genetic characteristics of the population, age structure, and plasticity, but unambiguous experimental evidence is lacking.
Here, we experimentally tested whether the effects of abiotic environmental conditions on growth, body condition, reproductive success, and survival depend on the population's color morph frequency. We used the common lizard (Zootoca vivipara) as a model species. The common lizard is a highly hydrophilic species, and populations exhibit a pronounced age structure (Avery 1975; Heulin 1985) . Adult males exhibit a genetic color polymorphism (San-Jose et al. 2012 Fitze et al. 2014) , and the polymorphism frequency reflects the genetic characteristics of the populationthat is, the genotype frequencies at the morph loci (at the locus or loci contributing to color morph) and all linked loci (Sinervo et al. 2007 (Sinervo et al. , 2008 . Zootoca vivipara occurrence is strongly associated with humidity (Pilorge 1987; Ceirans 2007; Peñalver-Alcázar et al. 2016) , and climate change models predict a global increase in overall precipitation, mean and extreme temperature, and alteration of local precipitation patterns (IPCC 2013). Given the importance of humidity for Z. vivipara, we simulated environmental change by experimentally exposing lizards to different humidity regimes and crossed this treatment with a morph frequency treatment using a 2 # 3 design. Before the experiment started, lizards were maintained and clutches were incubated under standardized conditions. Thereafter, lizards were released in seminatural populations (i.e., outdoor populations with natural vegetation, natural food, and climatic conditions, in which lizards were enclosed and protected from predation; e.g., Le Galliard et al. 2005a San-Jose et al. 2014) with different humidity conditions and different color morph frequencies.
After 1 year, lizards were recaptured for egg lay-ing and quantifying treatment effects on body size, body condition, growth rates, annual survival, clutch size, and phenotypic traits of offspring. In common lizards, population growth is closely linked to survival and fecundity (e.g., Bestion et al. 2015) . Body size predicts clutch size (Bauwens 1999) , age at maturation, and juvenile survival (Heulin 1985; Le Galliard et al. 2010) . Thus, the measured traits are important for life history and the most relevant traits determining population dynamics in Z. vivipara. The conducted experimental design and the measured traits allowed testing for immediate treatment effects on released lizards and for delayed effects on the newly hatched offspring.
We predicted (1) significant effects of habitat humidity on growth, body condition, and survival, especially of juveniles and yearlings, because they allocate most of their energy to growth and thus should be particularly susceptible to environmental conditions ). If climatic effects depend on the genetic characteristics of the population, we predicted (2) a significant interaction between habitat humidity and adult color morph frequency on individual traits. Moreover, we predicted that (3) interage class competition depends on the humidity and/or color morph frequency and that effects will be most pronounced in the youngest age classes due to resource-based asymmetric competition . Specifically, we predicted that juveniles will be more affected than yearlings and adults will be the least affected given that dominance interactions are size dependent (Lecomte et al. 1994; San-Jose et al. 2016) . Based on previous observational and experimental evidence Lorenzon et al. 1999 Lorenzon et al. , 2001 Le Galliard et al. 2006; Marquis et al. 2008; Bleu et al. 2013) , we also predicted (4) delayed treatment effects on the offspring's phenotype-particularly, positive effects of humidity on clutch size and hatchling size, presumably mediated through increased habitat productivity (e.g., more available food) and/or a higher reproductive investment (Le Galliard et al. 2006; Bleu et al. 2013) .
Material and Methods

Model Species
The common lizard is a small, sexually dimorphic (e.g., females are longer than males, sexes differ in ventral coloration), ground-dwelling lacertid that preferentially inhabits hygrophilic and mesophilic habitats, and its spatial distribution is linked with soil humidity (Braña 1996; Peñalver-Alcázar et al. 2016) . Zootoca vivipara has a highly permeable skin, which increases the risk of hydric loss (Grenot et al. 1987) , and its hydric balance is mainly controlled by environmental factors and behavioral regulation (i.e., by microhabitat selection or use; Grenot and Heulin 1990; Lorenzon et al. 1999) . Water availability constrains growth and repro-duction (Lorenzon et al. 1999; Le Galliard et al. 2006 ), litter size (Bleu et al. 2013) , juvenile performance , and reproductive performance (Marquis et al. 2008) , including juvenile size at hatching (Lorenzon et al. 2001; Le Galliard et al. 2006; Marquis et al. 2008) . The activity period lasts from March to October, and reproduction begins immediately after females emerge from hibernation (Fitze et al. 2010; Breedveld and Fitze 2015) . Most individuals attain sexual maturity in their second year of life, and maturation depends on body size rather than age. The observed minimal reproductive body size varies between 40 and 45 mm (Heulin 1985; Bauwens 1999) . Juvenile mortality is considerably high (up to 90%), and once survived the first year, average lifespan is 4-5 years in males and 5-6 years in females (Avery 1975). The reproductive system is polygynandrous, and multiple paternity is common (Fitze et al. 2005) . Females lay one to three clutches per year (Heulin et al. 1994; Roig et al. 2000; Horváthová et al. 2013) , and once the clutch is laid, no parental care is provided. In Pyrenean populations, females lay on average five eggs per clutch (range: 1-9). Adult Z. vivipara are socially dominant over yearlings, adults and yearlings over juveniles, and adult males over adult females San-Jose et al. 2016) .
In the Pyrenean populations, adult males, but not females (Arribas 2009), exhibit ventral color morphs that behave like a single locus with three alleles (white, w; yellow, y; and orange, o; Sinervo et al. 2007 ). Morphs can be classified using two color scores (namely, o and w score), which account for the number of putative color alleles (o score: 2 p oo; 1 p yo, wo; 0 p yy, wy, and ww; w score: 2 p ww; 1 p wy, wo; 0 p yy, yo, and oo; Sinervo et al. 2007 ). Color morphs differ visually and are determined by differential carotenoid deposition (San-Jose et al. 2012 , which is unaffected by carotenoid ingestion (Fitze et al. 2009; San-Jose et al. 2013) , in line with genetic determination of color morphs . Male color morphs exhibit alternative behavioral strategies and periodic frequency cycles (Sinervo et al. 2007) . Females have whitish bellies and exhibit context-dependent mate choice (Fitze et al. 2010) . They choose mate partners to maximize offspring survival under the predominant adult color morph frequency in autumn (Sinervo et al. 2007; Fitze et al. 2014; San-Jose et al. 2014) .
Experimental Design
From May 2009 to June 2011, lizards originally captured from three different sites in the Spanish central Pyrenees (Roncesvalles, Somport, and Formigal, all part of the northeast Spain clade; Milá et al. 2013) were maintained under seminatural conditions in 12 enclosures located at the field station El Boalar near Jaca, Spain ( fig. A1 ; figs. A1-A4 are available online). Enclosures (100 m 2 ) were surrounded by galvanized metal walls and covered by nets, preventing lizards from escaping and avoiding terrestrial and avian predation. Each enclosure contained a patch of natural vegetation, two water ponds, and four stone piles, providing natural food and water as well as basking sites and shelters. Until May 2010, the hydric conditions and the adult male color allele frequencies did not statistically differ among enclosures. Thereafter, lizards were released in enclosures (randomly with respect to the population of origin) attributed to different experimental treatments (see below and fig. A2 ). In each enclosure, 20 adults (males: n p 8, females: n p 12), five or six yearlings (males: n p 2, females: n p 3 or 4), and 18-20 newborn juveniles were introduced (population size: n p 43-46). The adult sex ratio, age structure, and population density were similar to the average found across oviparous populations (Heulin et al. 1997) .
Two treatments, adult male color morph frequency (CMF) and humidity treatment, were applied at the population level using a 3 # 2 factorial design. The eight adult males released per enclosure (i.e., 16 alleles) matched an allelic proportion as close as possible to 2∶1∶1 (predominant allele ∶ subdominant allele 1 ∶ subdominant allele 2). In four enclosures, orange was the predominant color allele (hereafter, orange predominance [Op]); in another four, yellow (Yp) was the predominant allele; and in the remaining four, white was the predominant (Wp) allele ( fig. A2 ). Male color morphs were scored by eye and verified using photographs (for further details, see Sinervo et al. 2007 ).
Half of the enclosures of each CMF treatment were exposed to high (H) humidity and the other half to low (L) humidity ( fig. A2 ). The level of humidity was manipulated using an automatic irrigation system that uniformly irrigated each enclosure twice a day (i.e., at 9 a.m. and 5:30 p.m.). At each irrigation, enclosures belonging to the H humidity treatment were sprinkled for 12 min and those of the L humidity treatment were sprinkled for 5 min. Each irrigation was split into two shifts (H: 6 and 6 min of irrigation; L: 3 and 2 min of irrigation). The second shift started 2 and 9 min (H and L humidity, respectively) after the end of the first shift. This procedure guaranteed that in all enclosures 14 min passed between the start and the end of the irrigation, and thus lizards of all treatments were exposed to the same treatment length. From May 2009 to May 2010, the humidity regime was between the L and H level of the humidity treatment: each enclosure was sprinkled for 8 min in the morning and 5 min in the afternoon.
The humidity of the enclosures without irrigation is below the common lizard's natural humidity requirements, allowing for humidity manipulation within the species' natural range. The simulated H and L levels conformed to the highest and lowest 10-15th percentile of the humidity range found in natural populations of the Pyrenees (Peñalver-Alcázar et al. 2016). In every enclosure, the humidity level was periodically measured (in June, July, August, April, and May) by taking five soil core samples of identical volume from each enclosure and calculating average soil moisture content using a gravimetric method: mass wet 2 mass dry . Measurements of soil humidity included natural precipitation, and it was significantly different between humidity treatments in all occasions (all P ! :05). All lizards were individually marked by toe clipping, weighted to the nearest milligram, and measured to the nearest millimeter. Lizards were randomly distributed among treatments (except with respect to adult male color morph), and there were no significant initial differences in snout-to-vent length (SVL) or body condition (BC; the residuals from the regression between body size and weight) among treatments and experimental populations (all P 1 :360).
Measurement of Growth, Body Condition, and Survival
After June 2010, lizards were recaptured during two capturerecapture sessions (in August 2010 and September 2010), each consisting of three consecutive days of intensive captures with equal effort across time and enclosures. All captured individuals were identified, measured for SVL, weighted, photographed, and released back at the exact capture location the following morning. From May 23rd to June 8th, 2011, the enclosures were completely emptied and captured individuals were maintained in the laboratory. We recorded individual growth rate, SVL, and BC at the end of the study, along with annual survival.
Measurement of Reproductive Traits
All lizards were housed under the same standardized conditions in the laboratory. They were kept individually in terraria (20 cm # 15 cm # 15 cm) containing a shelter, a water pond, a rock for basking, and peat soil as substrate. Light and heat were provided by a 40W bulb following a 12L∶12D photoperiod. Ultraviolet (UV) lamps provided UVB and UVA for 2 h per day (12 a.m.-2 p.m.) to facilitate calcium metabolism . Water was available ad lib., and prey items Galleria mellonella, Acheta domestica, or Lumbricus terrestris were provided every other day. Terraria of females were inspected twice a day for laid clutches. On laying, clutch size (i.e., the number of eggs) and laying date were recorded, and laid clutches were thereafter incubated individually in a constantly humid atmosphere at 217C during the day (from 9 a.m. to 9 p.m.) and 197C during the night (Heulin et al. 1997 ). On the day of hatching, offspring sex (determined by ventral scale count; Lecomte et al. 1992) , SVL, tail length (to the nearest millimeter), and body mass (to the nearest milligram) were recorded.
Statistics
Statistical analyses were performed in R version 2.15.2 using packages nlme (Pinheiro et al. 2013 ) and lme4 . Growth, body condition, and survival were analyzed for each age class (juveniles, yearlings, adults) and/or time period (release-August, August-September, September-June) using linear mixed models. To test for significant differences among age classes or time periods (i.e., treatment # age class or treatment # time period interactions), models including either all age classes or all time periods were run (table 1) .
Humidity and CMF treatments, sex, and all first-order interactions were modeled as fixed effects, and initial SVL (ISVL; for juveniles: the SVL at hatching; for yearlings and adults: the SVL at the beginning of the experiment) or initial body condition (IBC) were modeled as covariates, the latter only in BC analyses. Enclosure ID and, in models on juveniles, mother ID nested within enclosure ID were modeled as random effects. Hatching date was included as a covariate in the analyses of juvenile and offspring SVL, BC, and tail length at hatching.
Growth rate was defined as the difference in SVL between two capture events divided by the number of days passed (DSVL=DTime; e.g., Sorci et al. 1996; Clobert et al. 2000; Le Galliard et al. 2010) , excluding the number of days spent in hibernation (from November 1st to March 1st; e.g., Mugabo et al. 2010) . "Final SVL" refers to the SVL and "final BC" to the BC reached at the end of the study (June 2011; i.e., during the reproductive season). In the analyses of final SVL and final BC, "time" accounted for the total time spent inside the populations from release to recapture. Relative clutch size (Rclsize; the residuals of the regression of clutch size on female SVL), a measure of a female's reproductive effort (Massot et al. 2011) , was added as a covariate in offspring models, accounting for female body size-independent differences in clutch size. Offspring sex ratio was calculated as the number of male hatchlings divided by the number of hatchlings.
Two adjacent enclosures suffered abnormally high mortality due to invasion of terrestrial predators, and within 1 month only a few individuals remained alive (four out of 43 and five out of 43, respectively). Consequently, we excluded both populations from the analyses. Offspring of undetermined sex (i.e., equivocal sex attribution) were excluded from offspring analyses (n p 37). The average recapture probability of surviving yearlings and adults was 87% and for juveniles was 90%. Thus, annual survival probability was analyzed using generalized linear mixed-effects models with binomial error distribution and a logit link. This model included the same parameters as the abovedescribed models. To test whether treatment-induced survival differences resulted from treatment effects on individ-ual morphs, we ran an additional model including male color morph (i.e., o and w scores).
Model simplification was performed following Zuur et al. (2009) , and likelihood ratio tests were used to test parameter significance. In the minimal adequate model, the significance of the main effects was tested using ANOVA type III tests. P values for random effects were calculated by taking into account that the null hypothesis lies on the boundary of the parameter space (i.e., that the variance is zero; Zuur et al. 2009 ). In all Gaussian models, the assumptions of independence, normality, and homoscedasticity were verified on the residuals. In some models, heteroscedasticity existed and was taken into account by specifying a varIdent structure. All non-Gaussian models were tested for overdispersion, and no evidence for overdispersion existed. For significant factors containing more than two groups, post hoc tests were performed using pairwise contrasts, and Holm-Bonferroni corrections were applied to account for multiple comparisons (Holm 1979 ). The significance level was set at P p :05, and estimates 5SE are provided. All data from this study are deposited in the Dryad Digital Repository: http://dx.doi.org/10.5061/dryad.k8776 (Romero-Diaz et al. 2017) .
Results
Treatment Effects on Growth, Body Condition, and Survival
Effects on Body Size and Growth. Final SVL was significantly affected by a three-way interaction between humidity, sex, and age class (x 2 2 p 8:38, P p :015; table 1), and it positively correlated with ISVL (x 2 1 p 76:29, P ! :001). The interaction between humidity and sex was significant only in yearlings ( fig. 1 ). No other effects were found (P ≥ :120).
Juveniles. Neither treatment (table 1) nor sex significantly affected juvenile final SVL (table A1; tables A1-A5 are available online). ISVL and time inside the enclosure positively correlated with final SVL (x 2 1 p 6:05, P p :014 and x 2 1 p 11:11, P ! :001, respectively). There was a significant interaction between humidity, CMF, and time period on juvenile growth rate (x 2 4 p 16:65, P p :002; table 1). From release to August and from September to June, an interaction humidity # CMF significantly affected growth rate (table 2) , showing that individuals belonging to different CMF treatments responded differently to humidity (see fig. 2A ). Growth rate differences from release to August were balanced by the differences from September to June, leading to no treatment effects on final SVL (table A1; for more details see appendix, pt. A, sec. 1; the appendix is available online). In addition, juveniles grew faster from August to September in L compared to H humidity (table 2) . Sex and hatching date effects on juvenile growth rate differed among time periods (table A2) . Males grew significantly faster than females from release to August, while females grew faster than males from September to June (table 2). Hatching date negatively correlated with growth rate from release to August, but it positively correlated from September to June (table 2) . In both cases, the opposing growth patterns led to no significant differences in juvenile final SVL ( fig. 1) .
Yearlings. Yearling final SVL was significantly affected by an interaction between humidity and sex (x 2 1 p 8:46, P p :004; fig. 1 ). Females in H humidity had larger final SVL than females in L (post hoc: x 2 1 p 15:49, P ! :001), while males were unaffected. As in juveniles, ISVL positively correlated with final SVL (x 2 1 p 24:23, P ! :001).
There was a significant interaction between humidity, sex, and time period (x 2 2 p 7:95, P p :019; table 1) on yearling growth rate. Humidity effects differed between sexes only from August to September (table 2; fig. 2B ). Females in H humidity grew faster than females in L, while no differences existed in males. There was also a significant interaction between CMF, sex, and time period on growth rate (table 1) . The interaction between CMF and sex affected growth rate only from August to September (table 2; fig. 2C ). In Yp populations, females grew faster than males (post hoc: x 2 1 p 7:61, P p :017), while in Wp populations, males grew faster than females. In contrast, from release to August, females in Wp populations grew faster than males ( fig. 2C ). Thus, growth differences from release to August were balanced by growth differences from August to September, leading to no CMF # sex effect on final SVL (for further details, see appendix, pt. A, sec. 2). Moreover, CMF affected growth rate from release to August (table 2) . Yearlings in Op populations grew faster than yearlings in Wp populations (Z p 2:96, P p :009; fig. 2C ), and this difference was compensated by slightly higher growth rates of Wp compared to Op populations from August to September, leading to no CMF effect on final SVL (table 1) .
Finally, there was also a significant three-way interaction between humidity treatment, ISVL, and time period on growth rate (table A3) . From release to August and from September to June, the correlation was more negative in L than in H humidity (although humidity # ISVL was not statistically significant), while from August to September it was significantly more negative in H humidity (table 2) , leading to a nonsignificant humidity # ISVL interaction on final SVL (table A1) .
Adults. In adults, we found no significant treatment effects on final SVL (all P ≥ :122; table 1). Final SVL of males was shorter than that of females (x 2 1 p 28:90, P ! :001; fig. 1 ), and it positively correlated with ISVL (x 2 1 p 57:97, P ! :001). Neither treatments nor their interaction significantly affected adult growth rate (table 1) . However, a CMF # sex interaction affected growth from September to June; females in Yp populations grew faster than females in Op (x 2 1 p 6:83, P p :045) and Wp (x 2 1 p 9:12, P p :015) populations. Growth rate was also affected by the interactions between sex and time period (x 2 2 p 30:45, P ! :001) and ISVL and time period (x 2 2 p 62:58, P ! :001). Females grew faster than males from release to August (x 2 1 p 45:57, P ! :001) but not in the other two periods (August-September: x 2 1 p 45:57, P p :294; September-June: x 2 1 p 1:44, P p :229). In turn, ISVL negatively correlated with growth rate from release to August and from August to September (x 2 1 p 98:98, P ! :001 and x 2 1 p 9:53, P ! :001, respectively) but not from September to June. Effects on Body Condition. Final BC was affected by a significant three-way interaction between humidity, CMF, and age class (x 2 4 p 14:01, P p :007; table 1; fig. 3 ). The interaction between treatments affected juveniles (x 2 2 p 12:81, P p :002) but not yearlings or adults (P ≥ :230; table 1). Final BC was also affected by an interaction between sex and age class (x 2 2 p 13:82, P p :001) and an interaction between time spent in the enclosure and age class (x 2 4 p 6:50, P p :039), and it was positively correlated with IBC (x 2 1 p 6:23, P p :013). Final BC differed between sexes in juveniles but not in yearlings or adults (all P 1 :281), and time in the enclosure negatively correlated with final BC of yearlings (x 2 1 p 5:09, P p :024) but not of juveniles or adults (all P 1 :445).
Juveniles. In Wp populations, juveniles in H humidity showed higher final BC than those in L (post hoc: x 2 1 p 7:10, P p :023; fig. 3 ). In Yp populations, juveniles tended to have higher BC in L than in H humidity (x 2 1 p 4:19, P p :081), while Op populations were unaffected (P p :270). Moreover, in H humidity, final BC of juveniles of Op populations was significantly higher than that of Wp populations and tended to be higher than Yp populations (x 2 1 p 7:41, P p :039 and x 2 1 p 6:02, P p :071, respectively; fig. 3 ). In L humidity, juveniles of Wp populations had lower body condition than those of Yp and Op populations, but these differences were not statistically significant (all P ≥ :134). In addition, females had lower final BC than males (x 2 1 p 16:41, P ! :001). Yearlings. CMF significantly affected yearling final BC (x 2 2 p 10:99, P p :004). In Op and Yp populations, final BC was higher than in Wp populations (post hoc: Z p 4:27, P ! :001 and Z p 3:82, P ! :001, respectively; fig. 3 ). There was a significant interaction between humidity, CMF, and time period on body condition change (table A4) , revealing different humidity # CMF effects in different time periods. Given the absence of an interaction between humidity and CMF on final BC (P p :230), interactive treatment effects were compensated over the course of the experiment.
Effects on Survival. Survival was affected by a significant interaction between humidity, CMF, and age class (x 2 4 p 10:173, P p :038; table 1; fig. 4 ). Post hoc contrasts showed that adults in H humidity survived worse in Wp compared to Op and Yp populations (Z p 3:729, P ! :001 and Z p 3:067, P p :006, respectively; fig. 4C ), while no humidity differences existed in L, juveniles, and yearlings ( fig. 4A,  4B) . The interactions CMF # sex (x 2 2 p 8:790, P p :012) and humidity # sex (x 2 1 p 6:302, P p :012) were also significant (table 1) . Males survived worse in Wp populations compared to Op (x 2 1 p 15:42, P ! :001) and Yp (x 2 1 p 11:64, P p :003) populations, and they survived better than females in Op populations (x 2 1 p 8:81, P p :009). Moreover, in L humidity, males survived better than females (x 2 1 p 10:11, P p :003), while no differences existed in H humidity (x 2 1 p 0:18, P p :668). The interactions between humidity treatment, CMF, and male color morph (o and w scores; x 2 1 ! 0:01, P p 1) and between treatments and male color morph were not significant (all P 1 :5), showing that reduced survival in Wp, H humidity populations ( fig. 4C ) did not arise due to differential color morph survival.
Reproductive Success
A total of 71 females laid a clutch. Average clutch size was 5.37 5 0.16 eggs, and 241 juveniles hatched successfully (i.e., were alive; males: n p 124; females: n p 80; undetermined sex: n p 37). We found no significant differences in clutch size among treatments or interactions with treatments (all P 1 :570). Clutch size positively correlated with female SVL (x 2 1 p 9:02, P p :003).
Offspring Traits. Offspring sex ratio was on average 0.61 (i.e., male biased) and was affected by CMF (x 2 2 p 6:30, P p :043). Post hoc tests revealed male-biased sex ratios in Op and Yp populations and female-biased sex ratios in Wp populations (Z p 2:31, P p :05 and Z p 2:33, P p :049, respectively; fig. A3 ).
SVL of hatchlings was significantly affected by an interaction between humidity and CMF (table A5; fig. A4 ). Post hoc tests showed that in Op populations, hatchlings of mothers from H humidity were larger than those of mothers from L humidity (0.91 mm; x 2 1 p 5:75, P p :049). In L humidity, offspring of mothers living in Op populations were significantly shorter than those of mothers of Wp (1.50 mm; x 2 1 p 7:86, P p :025) or Yp (1.40 mm; x 2 1 p 11:77, P p :004) populations. Males and females differed in size at hatching (table A5) ; females were on average 1.74 5 0.98 mm longer than males irrespective of treatment. Additionally, Rclsize and hatching date were negatively correlated with the progeny's SVL, the latter showing that earlyhatching juveniles were larger than later-hatched juveniles. Tail length at hatching was unaffected by treatments, but it differed between sexes (table A5). Males had 0.610 5 0.030-mm-longer tails than females. Neither Rclsize nor hatching date affected tail length. Similarly, offspring body condition at hatching was unaffected by treatments, but it differed between sexes (table A5). Males exhibited higher body condition than females. Additionally, tail length and body condition at hatching positively correlated.
Discussion
Using an experimental approach, we tested whether and how environmental conditions and the genetic characteristics of a population affect important individual traits (i.e., traits that are closely tied to demographic parameters) and thereby the dynamics of populations (Bjørnstad and Hansen 1994) . Our results reveal the effects of habitat humidity on juvenile growth (prediction 1) and the interactive effects of habitat humidity and adult color morph frequency on growth and body condition of juveniles and yearlings (prediction 2), pointing to treatment effects on inter-age class competition (prediction 3). We also found interactive effects on adult survival and delayed interactive treatment effects on offspring traits (prediction 4; table 1). These results show that abiotic environmental conditions and the genetic characteristics of the population are immediate and delayed (parentally derived) sources of intra-and inter-age class variation in lifehistory traits and thus that they influence the dynamics of populations (Lindström 1999; Bolnick et al. 2011 ). Genetic variability (e.g., in terms of genotype diversity and frequency) is thought to favor population persistence and resilience via evolutionary rescue (Whiteley et al. 2015) . Color polymorphic species have been considered to be less vulnerable against changes in selective regimes (e.g., resulting from climate change) on account of their higher genetic variability and enhanced evolutionary potential (Forsman et al. 2008) . However, the genetic architecture of many color polymorphisms exhibits genome-wide linkage, where color is linked with many other traits, potentially constraining trait divergence (McKinnon and Pierotti 2010; Wellenreuther et al. 2014; Bolton et al. 2015) . Moreover, traits linked with and traits unrelated to color morph are likely undergoing selection, and thus the role of the genetic characteristics of the population in population stability is unclear.
It has been suggested that genetic characteristics are less important to short-term population viability, although they might be crucial in the long term (Lande 1988) . In contrast to this suggestion, here we experimentally demonstrate that environmental effects depend on the population's morph frequency and that their interaction affects life-history traits and demography and thus short-term population dynamics. For example, the effects of habitat humidity on adult survival depended on the morph frequency (table 1; fig. 4C ). Under H humidity conditions, Wp populations showed reduced adult survival compared to Op and Yp populations. Moreover, increased humidity did not affect the survival of a specific color morph, which suggests that climate modifies the competitive environment of the population rather than the fate of a given morph (i.e., traitbased selection). Because juvenile mortality is characteristically high, recruitment alone usually cannot compensate a significant drop in adult survival, putting these populations at risk (Bestion et al. 2015) . Thus, color morph frequency can help predict the impact of environmental change on local dynamics of Zootoca vivipara populations. Furthermore, neighboring natural populations of Z. vivipara often exhibit similar color morph frequencies (Sinervo et al. 2007) and thus may respond to environmental change in a similar way, affecting metapopulation dynamics. These results agree with earlier studies, which suggest that the genetic charac-teristics of the population influence its demographic trajectory (e.g., in butterflies [Hanski and Saccheri 2006] , killifish [Leips et al. 2000 ], or moths [Nokelainen et al. 2013] ), and thus they may be more relevant to short-term population dynamics than previously thought.
Our results also revealed plastic compensatory patterns (Charmantier et al. 2008) , in line with flexible life-history strategies that allow one to compensate for immediate effects of adverse conditions later in life (Sorci et al. 1996; Lorenzon et al. 2001; Le Galliard et al. 2008 . For instance, humidity # CMF effects on early growth of juveniles (i.e., from release to August) and on body condition change of yearlings were compensated over the course of the experiment. As a result, no interactive effects on final body size and final body condition existed (table 1) . A priori, this points to a high adaptive potential and resilience against unfavorable environmental change. Additionally, treatments had delayed effects on offspring body size, an important determinant of age at maturation (Stearns 1992) and asymptotic body size , the latter predicting reproductive success. Given that females were randomly distributed among treatments and enclosures and maintained in standardized humidity and CMF conditions previous to the start of the experiment, treatment effects cannot be attributed to previous environmental conditions. This suggests that mothers may prepare offspring for the conditions they will experience (Mousseau and Fox 1998; Meylan et al. 2012; Bestion et al. 2014 ), for instance, by adjusting offspring sex ratio (Maślak et al. 2010) or juvenile body size, representing another mechanism of delayed compensation (see Le .
Treatment effects also differed between sexes and age classes (table 1; figs. 1-4). Sex differences are in line with sex-specific selective pressures , alternative life-history strategies , and different environmental sensitivity between the sexes (Lindström 1999) . In yearlings, humidity affected growth rates and final SVL of females but not of males (table 1; figs. 1, 2B), and no treatment # sex effects existed on growth rates and SVL in juveniles and adults. Smaller final SVL of yearling females in L humidity is in line with reduced food availability and variability in L humidity conditions (Ferguson 2004; Chikoski et al. 2006 ) and with slower growth rates induced by lower humidity per se (Lorenzon et al. 1999) . Moreover, this sex-specific treatment effect is in line with higher energetic demands of females compared to males due to their larger body sizes (Hulbert and Else 2004) , pointing to increased susceptibility to environmental conditions of females. Given that SVL affects the timing of recruitment, a key demographic parameter contributing to variation in population growth (Coulson et al. 2005) , humidity effects on SVL of female yearlings directly affect population dynamics and sexual selection .
Interestingly, sex and morph frequency-dependent sex differences in growth were compensated over the course of the experiment in juveniles and yearlings, respectively. In contrast, males of all age classes survived better in L humidity populations than females, while no differences existed in H humidity. This indicates that in drier conditions, sex ratios of Z. vivipara populations will skew toward males due to higher male survival and later female recruitment, leading to an increase in male sexual harassment and reduced female survival and eventually to population collapse (Le Galliard et al. 2005b) .
Differences in treatment effects among age classes agreed with the hierarchy of the inter-age class competition (adult dominance over yearlings and older age class dominance over juveniles; Pilorge et al. 1987; Lecomte et al. 1994) since adults were the least affected, while yearlings and juveniles were strongly affected by treatments (table 1) . CMF effects arise through differences in competition between adult males and the other age classes or sex (note that only adult morph frequency differed among CMF treatments; the number of lizards and their SVL or BC did not), and thus treatment # age class effects are in line with dominance interactions based on resources, where the competitively superior individuals limit the energy intake of the competitively inferior individuals if the resources are limited (Nicholson 1954; Beckerman et al. 2003; De Roos and Persson 2003) . CMF # humidity interactions thus reveal an interplay between ecological conditions and intra-(in adults) or inter-age class competition (Mugabo et al. 2010 (Mugabo et al. , 2011 . More generally, demographic changes in age and sex structure (i.e., sex ratios) affect intra-and inter-age class competition and population effective size (Lande 1988) , which can also importantly affect population dynamics and viability (Clutton-Brock and Parker 1995) .
Since differences in humidity may lead to temperature changes (i.e., L humidity ≈ warmer temperatures; H humidity ≈ cooler temperatures), humidity effects may be potentially confounded with temperature. However, the relatively high ambient temperatures at the study site and the experimental design (all populations were exposed to the same humidity treatment length) minimized potential humidity treatment effects on temperature. Furthermore, previous experimental evidence in Z. vivipara (Bestion et al. 2015) has shown that warmer temperatures increase the pace of life, leading to faster growth, earlier reproductive onset, and lower survival, and our results importantly contrast those predictions. Namely, L humidity (i.e., potentially warmer temperatures) did not affect yearlings and juveniles at all, and H (rather than L) humidity decreased the survival of adults in Wp populations. Consequently, the hereobtained results cannot be attributed to an indirect effect of temperature.
In conclusion, here we experimentally show that population responses to environmental change depend on the population's color morph frequency, age structure, and sex structure, revealing their complexity. While some effects induced by environmental conditions were compensated through behavioral short-term adaptation (e.g., plastic compensation patterns of differences in initial growth), others may threaten population viability (e.g., alteration of demographic structure and morph frequency cycles). Since the genetic characteristics, age structure, and sex structure of a population generally vary over a species' distribution range (Corl et al. 2010; McLean and Stuart-Fox 2014) , predicting species' responses to climatic change might be more challenging than previously thought (Parmesan 2006; Dawson et al. 2011; McMahon et al. 2011; Bellard et al. 2012; IPCC 2013) . Our results suggest that a lack of data on the genetic characteristics and demographic structure of local populations may importantly compromise the conservation of biodiversity as well as the understanding of a species' evolutionary history.
